Summary &horbar; Cadmium has been recognized as an environmental contaminant. In oral cadmium intoxication, the immediate target organ is the gastrointestinal tract. The aim of the present work was to study the effect of cadmium on the intestinal absorption of L -threonine and on the aminopeptidase N activity in rabbit jejunum, after in vitro addition and/or oral administration of CdC] 2 in drinking water. Results obtained show that cadmium decreases L -threonine absorption in the jejunal tissue. This effect seems to be due to an action mainly on active amino-acid transport at the mucosal border of the intestinal epithelium, because cadmium does not seem to modify the amino-acid diffusion across the intestinal epithelium. Cadmium also inhibits the (Na + -K + )-ATPase activity of the enterocyte, which might explain the inhibition of the Na+-dependent L -threonine
INTRODUCTION
Cadmium is considered to have no biological function and is highly toxic, hence its release into the environment by anthropogenic activities as well as by natural processes poses a serious threat to humans and animals. Because of its bioaccumulation, it is an environmental contaminant of great concern. Cadmium causes several ailments affecting kidneys, lungs, cardiovascular system and bones (Jamall et al, 1989; Nordberg and Nordberg, 1988) . Cadmium is predominantly taken up in both the human and animal body through food and water contaminated with the metal. In the digestive system this metal may cause intestinal paralysis, constipation, necrosis of the gastrointestinal epithelia and a decrease in the activity of alkaline phosphatase in the intestinal mucosa (Andersen et al, 1988a,b; Bevan and Foulkes, 1989;  O'Brien and King, 1989) .
It has been reported in many countries that the concentration of cadmium in foodstuffs is distributed over a wide range. Estimations of daily cadmium intake based either on data of cadmium concentration in a single food or on total-diet studies have also been made in several countries. In uncontaminated areas, the average daily intake of cadmium in humans is usually in the range of 10-60 pg/d (Elinder, 1985) .
One toxic action of cadmium is located in the small intestine where nutrients are absorbed. Its absorption from the gastrointestinal tract is not controlled by any homeostatic mechanism (Cotzias et al, 1961; Schroeder and Balassa, 1961) . In experiments with animals and humans, only a small portion of dietary cadmium is taken up by the intestinal mucosa, and less than 1-6% of the metal that enters the mucosa actually passes into the body (Hamilton and Valberg, 1974; Moore et al, 1973; Neathery and Miller, 1975) . The great capacity of cadmium to bind itself to membranes and intracellular ligands is the reason for its toxicity (Kello et al, 1979; Lerner et al, 1977) .
Inhibition of intestinal absorption of nutrients by Cd 2+ has been observed in amphibians (Tsuchiya and Okada, 1982) , teleosts (Sastry and Subhadra, 1983) , pigs, rats and rabbits (Bevan and Foulkes, 1989; Kojima et al, 1986; Mesonero et al, 1993; Rodriguez-Yoldi et al, 1989) .
The aim of the present work was to study (Lebas, 1987; Moughan et al, 1988; Schultze et al, 1988) . Following extraction from HN0 3 , the tissues were dried at 80°C for 12 h and then reweighed. The test agents (1 mmol/I CdC1 2 , 50 mmol/I L -threonine and 0.5 mmol/I L -threonine) were present in the bathing solution from the start of the incubation, and had no significant effect on either the tissue water fraction, calculated as the difference between wet and dry weights (ranging from 0.870 ± 0.003 to 0.872 ± 0.004 ml/g wet weight), or on the extracellular space, calculated by PEG 4 000 (ranging from 0.058 ± 0.005 to 0.068 ± 0.006 ml/g wet weight) or on the cell water fraction, calculated as the difference between tissue and extracellular water fractions (ranging from 0.803 ± 0.004 to 0.812 ± 0.003 ml/g wet weight).
MATERIALS AND METHODS

Materials
Amino-acid uptake measurements
The experiments were made with rings of rabbit everted jejunum weighing about 100 mg, which were incubated at 37°C in 10 ml Ringer (1982) , and the Na + -ATPase and (Na + /K+)-ATPase activities were measured by the method described by Proverbio and Del Castillo (1981 ) (fig 3) .
DISCUSSION
The aim of the present work was to study and compare the effects of cadmium on the intestinal absorption of L -threonine and on the enzymatic digestion in animals, fed on a normal diet and in animals pretreated with CdC' 2 in drinking water for 4 d.
It has been reported that cadmium inhibits the D -galactose, D -glucose, L -phenylalanine and L -histidine absorption across the rat and rabbit small intestine (Bevan and Foulkes, 1989; Kojima et al, 1986; Rodriguez-Yoldi et al, 1989; Mesonero et al, 1993) and the L -alanine, proline and L -lysine transport into renal brush-border membrane vesicles isolated from the winter flounder (Bevan et al, 1989) and rat (Kim et al, 1990 (Jacobson and Turner, 1980; Tuker and Matte, 1980) . Indeed, SH-groups in the Na+/K-! pump are necessary for activity as suggested by the pump inhibition seen with sulphydryl reagents like N-ethy[maleimide (Fahn et al, 1966) .
On the other hand, we have found in previous studies that the inhibitory effect of cadmium is partially reversed when the luminal surface of the enterocyte membrane is washed with dithioerythritol (thiol group protector) (Mesonero et al, 1993 (fig 3) show that cadmium did not modify significantly the aminopeptidase N activity of control animals, whereas the aminopeptidase activity of animals treated with cadmium in vivo increased significantly with respect to the control animals.
In summary, the results obtained in the present work and previous studies in our laboratory, show that cadmium diminishes the intestinal absorption of L -threonine across the rabbit jejunum. This effect appears to be due to impairment of the active transport mechanism, which could be altered by modification of carrier proteins and also of (Na+/K+)-ATPase.
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